APPENDIX

Summary of Test Data
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Specimen No. 1

Diameter: 12" (nominal)
Wall Thickness: 3/8"
Length: 20'- 0"
Material: X60
Dent Type A
20 40 40 40" 40 40 20

I !

i

| - - - - - -

\ A B C D E F \

!

€ >
240" =20'-0"

Figure A-1: Dent locations for SpecimenNo. 1.

Dent Initial Dent Depth
Dent Type Restraint Defect D %) d @)

A A No 0.05" x 6" 5 06
B A No 0.05" x 6" 15 18
C A No 0.05" x 6" 10 1.2
D A Yes 0.05"x 6" 5 0.6
E A Yes 0.05"x 6" 15 1.8
F A Yes 0.05"x 6" 10 1.2

Table A-1: Summary of dent parameters for Specimen 1.
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Initial Dent Rebound Dent Depth, d (in.)
Indenter Depth at pressure (psi.)

Force d d/ID
Dent Type kips) G) @ O 250 450 650 850 1050

Restra'nt

A A No - 0.6 5 020 020 020 020 0.20 0.20

No 83.6 18 15 110 110 110 110 1.08 1.08
No 67.3 12 10 0.72 070 0.70 0.70 0.68 0.66
Yes 628 0.6 5 0.16 - - - -

Yes 88.0 18 15 1.06 - - - - -
Yes 68.1 1.2 10 0.60 - - - - -

TMO O W
> > > > >

Table A-2: Denting forces and dent depths for Specimen 1.

3.0
- 25
2.0
-~ —o—Dent A
'~:E4 1.5 —~g—DentB
) ~ —eDentC
1.0 t -
0.5 T
00 4 - -
0 psi 250 psi 450 psi . 650 psi 850 psi 1050 psi
— Incremental static Pressure, (psi)

Figure A-2- Dent depth rebound versus internal pressure for Specimen 1.
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Fatigue Cyclesto

DentID Type Restraint d/D (%) Failure  Failure Comment
1-A A No 5 Yes 94,559 groove crack, center of dent
|-B A No 15 Yes 33,521 groove crack, center of dent
1-C A No 10 Yes 27,031 groove crack, center of dent
|-D A Yes 5 NO 94,559 no cracking
1-E A Yes 15 Yes 37,548 groove crack, comer of restraint
1-F A Yes 10 Yes 68,456  groove crack, comer of restraint
Table A-3: Summary of dent fatigue failures for Specimen 1.
Pipe #1 Failures
100 — - 1
o i
<
N\NN
_ ! ~~§:\\
3 i T e~ —AP- X
?_: : ! \\\T:ﬁ' —API-X
3’, ' i ' l ! T N Dent |-A
= 10 Lt L e DentlB
-=< ! kel i } : a DemiL
-3 T ” | g Deint I-E
5 ’ N PRSTS
;
1
1,000 10,000 100,000 1,000,000

Number of Cycies to Failore

Figure A-3: S-N plot of fatigue failures for Specimen 1.
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Specimen NO. 2

Diameter: 12" (nominal)

Wall Thickness: 3/8"

Length: -0

Material: X60

Dent Type BH-L

12" 24" 24" 24" 24" 24" 24" 24" 24" 24" 2"
L

: i I I I \ I I I :I i :
| - - - - - - - - - - |
A B C D E F G H | ) S
B N
| 1

240" =20'-0"

Figure A-4: Dent locationsfor SpecimenNo. 2.

Initial Dent Depth
Dent Type Restraint Defect 4D %) d(in) -

A BH-L No None 75 0.9
B BH-L No None 10.0 1.2
C BH-L No None »r5 15
D BH-L Yes None 50 18
E BH-L No None V5 21
F BH-L Yes None 75 21
G BH-L Yes None 10.0 12
H BH-L Yes None 25 15
I BH-L No None 15.0 18
J BH-L Yes None 75 0.9

Table A-4: Summary of dent parameters for Specimen 2
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Initial Dent Rebound Dent Depth, d (in.)
Indenter  Depth at pressure (psi.)

Force g4 4D

Restraint

Dent  Type ®ips) Gm) (%) 5 250 450 650 1050 O

A BHL No 460 09 75 052 052 052 052 050 051
B BH-L No 507 12 10 070 070 070 070 068 0.70
C BHL No 610 15 125 090 089 089 08 086 0.89
D BHL Yes 600 18 15 12 - - - - .
E BHL No 790 21 175 142 14 139 138 134 137
F BHL Yes 800 21 175 140 - - - - .
G BHL Yes 55 12 10 072 - - - . -
H BH-L Yes 625 15 125 092 - . ..
| BHL No 715 18 15 118 118 116 1.16. 112 116
J BH-L Yes 46 09 75 048 . .

Table A-5: Denting forces and dent depths for Specimen 2.

Pipe # 2 Reboand
30
25 1
204
]
—o-=Dent A
~-Dent B
-:v 1.5 —grDent C
M —tpDeat E
et Detit
10
> —~0— —O—— -G —
oS
00
Opsi 250 psi 450 psi 650 psi 1050psi opsi
Incresnetl Staic Presswe, (gui)
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Pipe# 2 Restraint Form

204 . B *
— — '
z iF==:====::::::::r—_—_———_4k—
3=a- 15 [-o—DmtD
r— g t_q_.DemF |
i ’_.,_DeatG!
£ —g—Dent H!
ij 10 —e—Dent S ;
_ Figure A-6: Measured dent restraint forces for Specimen 2.
B 2-B BH-L No 10 No 128,732
2-C BH-L No 125 No 128,732
2-D  BH-L Yes 15 No 128,732
2-E BH-L No 175 No 128,732 no cracking
2-F BH-L  Yes 175 No 128,732 no leaks
- 2-G BH-L  Yes 10 No 128,732
2-H  BH-L  Yes 125 No 128,732
— 2-1 BH-L No 15 No 128,732

- Table A-6: Summary of dent fatigue failures for Specimen 2.
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Specimen No. 3

Diameter: 12" (nominal)
Wail Thickness: 1/4"
Length: 20-0"
Material: X42
Dent Type BH-T& R
12" 24 24" 24" " 27" 30" 30" 15"
B At A pny A s
T L
é A. B‘ - D. E. F. G. H. I. 3
|
» >
240" =20'-0"
Figure A-7: Dent locations for Specimen No. 3.
Dent Initial Dent Depth
Dent Type . Restraint Defect dID (%) d (in)
A BH-T No None 5 0.638
B BH-T No None 75 0.956
C BH-T No None 10 1.275
D BH-T No None 12.5 1.594
E BH-T No None 15 1.913
F R Yes None 12.5 1.594
G R Yes None 10 1.275
H R Yes None 75 0.956
I R yes None 5 0.638

Table A-7: Summary of dent parameters for Specimen 3.
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Initial Dent

Rebound Dent Depth. 4 (in.)

z Indenter__ Depth at pressure (psi.;
g Force g ap
Dent Type 2 (KiPS) (in) (@) O 400 800 1000 1200 O

A BH-T No 220 0.638 5 076 069 060 054 048 053
B BH-T No 240 0956 75 085 075 067 061 055 060
C BH-T No 260 1275 10 090 08 073 068 060 065
D BH-T No 300 1594 125 122 109 092 080 0.72 0.79
E BH-T No 40 1913 15 15 132 109 095 0.82 093
F R Yes 27.2 1594 125 108 - - - - -
G R Yes 200 1275 10 060 - - . . -
H R Yes 178 0956 75 0.78 - - - - -

| R Yes 162 0638 5 05 .

Table A-8: Denting forces and dent depths for Specimen 3.
Pipe # 3 Restrzint Forces
25
Lo
£
g —o—Demt G
5 "’ /
Opsi 400 psi 200 psi 1000 psi 1200 psi
Pressere, (i)

Figure A-8: Meesrad dent restraint forces for Specimen 3.
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Pipe # 3 Rebound

30

25

0 ¢

.._Den:A‘
—~g—Dent 8
—a—Dent C
—pe—Dent D |
—m—DentE!

d, (in

0.0
Opsi 400 psi 300 psi 1000 psi 1200 psi Opsi
Incremmatal Static Presswre, (poi)

Figure A9z Dent depth rebound versus internal pressure for Specimen 3.

Fatigue Cyclesto

DentlD Type Restraint d/D (%) Failure Failure Comment

3-A  BH-T No 5 No 100,943 sl peripheral, post proof
3B BH-T No 7.5 No 100,943 dallavperipheral, post proof
3-C  BH-T No 10 No 100,943 dallav peripheral, post proof
3-D BH-T  NoO 125 Yes 89,684 peripheral leak

3-E BH-T No 15 Yes 80,880 peripheral leak

3F R Yes 12,5 Yes 100,943 peripheralleak

3-G R Yes 10 No 100,943 nocracking

3-H R Yes 7.5 No 100,943 no cracking

3-1 R Yes 5 No 100,943 nocracking

Table A-9: Summary of dent fatigue failures for Spechen 3.
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Effectivep heop Stress, {ksi)

Pipe #3 Failures

3 1 : : v
i N i j 1
7 T 7301 | {1
- I AT AN [
! t
—
———
NN..\l\
\ .
'8 4 \\'N-‘h-‘"L —_—
T -N""F —AP-X
.
i —AP-X
. a Deat3-D
¢ Dem3iE
T a Dent3-F
: -
1.000 10,000 100,000 1,000,000

Nowber of Coeies m Puilare

Figure A-10: S-N fatigue test data for Specimen3.
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Specimen NO. 4

Diameter: 16" (nominal)
Wall Thickness: 1/4"

Length: 20'-0"
Material: X60

Dent Type A

I: )11 ~ - - — alg o]
| | l | l 1
| | 1 i | | |
i | ! | | I I ! t X
| | | { ! | 1 I
| - e - - - - - :
LA B c D E F G H |
- N
! “1
240" =20'-0"
Figure A-11: Dent locations for Spechen No. 4.
Dent Initial Dent Depth
Dent T Restraint Defect

e clec dID (%) d(in.)

A A No 0.024" x 5" 5.0 0.8

B A No 0.024" x 5" 18.8 3.0

C A No 0.024" x 5" 10.0: 1.6

D A No 0.024" x 5" 15.0 24

E A Yes 0.024" x 5" 18.8 30

F A Yes 0.024" x 5" 100 1.6

G A Yes 0.024" x 5" 15.0 24

H A Yes 0.024" x 5" 5.0 0.8

Table A-10: Summary of dent parameters for Specimen4.
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Initial Dent Rebound Dent Depth, d (in.)

£ Indenter  Depth at pressure (psi.)

g Force 4 d/D
Dent Y& 2 (kips)  (in) (%) 0 100 250 450 650 850 1050 850 1050 1050
A A No 184 0.8 5 020 019 017 017 014 014 0.2 015 0.12 045
B A No 371 28 175 149 141 125 103 074 032 019 030 018 0.27
C A No 23.6 1.6 10 0.67 065 059 049 041 034 0.29 034 028 0.33
D A No 326 24 1S 116 111 101 08 058 046 038 043 037 043
E A Yes 380 28 175 -
F A Yes 234 16 10 - .
G A Ye 319 24 15 -
H A Yes 187 0.8 5

Restrain For ¢, (kips)

Table A-11: Denting forces and dent depths for Specimen 4.

Pipe # 4 Restraint Force

100 ¢

3.0

Opei

650 psi

Presswre, (i)

—Deat E
—g—DentF
—aDent G
—o—DeatH

1050 pei

Figure A-12: Meesrad dent restraint forces for Specimen4.
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Pipe # 4 Dent Rebound

3.0

25 ¢+

20 ¢+

—o— Dent A (Edge of Dern)
_._DemB(CerlerofDen)i
—a~Dent C (Edge of Demt) ;
—o— Dent D (Edge of Dem) '

d, (in

Opsi 100 250 450 650 80 1050 Opsi 1050  Opsi

psi psi psi psi psi psi psi
Incremental Static Pressure, (psi)

Figure A-13: Dent depth rebound versus internal pressure for Specimen 4.

Fatigue Cyclesto

DentlID Type Restraint d/D (%) Failure  Failure Comment
4-A A No 5 Yes 44,286 groove leak, center of dent
4-B A No 18.75 Yes 2515  groove leak, center of dent
4-C A No 10 Yes 7,600 groove leak, center of dent
4D A No 15 Yes 2,515  groove leak, center of dent
4-E A Yes 18.75 Yes 62,668 peripheralleak
4 F A Yes 10 No 92,398 nocracking
4-G A Yes 15 Yes 92,398 peripheralcrack
4-H A Yes 5 No 92,398  nocracking

Table A-12: Summary of dent fatigue failures for Specimen 4.
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Pipe #4 Failures

100 . -
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L
- ]
N\
—
§\\\
\.~\
z \L\\
e LT ——API-X
= N r ——API-
4 b4 & ™ b b R APL-X
@ u Deat4A
g w0 o DentdBaeD|
L
? & Dentél
— § g Dent4E

E o DentsG i

1

1,000 10,000 100,000 1,000,000
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Figure A-14: S-N plot of fatigue failure for Specimen4.
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Specimen No. 5

Diameter: 16" (nominal)
Wail Thickness: 1/4"

Length: - 0"
Material: xX42

Dent Type BH-T, BH-L, & R

12" 24" 24"

- >le >
B e B as s A e
—_— —

! | | | | !

I A B C D E F G H I

l( !

i '
240" =20'-0

Figure A-15: Dent locations for SpecimenNO. 5.

Dent il Dent Depth
Dent Type Restraint Defect 4D %) d(in)

A BH-T No None 50 0.8
B BH-T No None : 10.0 16
C BH-T NO None 15.0 24
D BH-L No None 10.0 16
E BH-L No None 15.0 24
F R Yes None 1550 24
G R Yes None 10.0 16
H R Yes None 75 12
I R Yes None 5.0 0.8

Table A-13: Summary of dent parameters for Specimen’5.
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Initial Dent Rebound Dent Depth, d (in.)

Indenter___ Depth at pressure (psi.)
Force 4 4D

Restraint

Dent  Type &ps) @) (%) 4 271 s42 677 813 948 0
A BH-T No 218 12 5 068 062 05 053 051 047 052
B BHT No 282 24 10 114 068 062 056 053 051 047
C BHT No 352 36 15 168 114 096 08 076 069 062
D BH-L No 27 24 10 099 168 132 105 095 086 0.77
E BH-L No 338 36 15 161 09 089 080 073 068 063
F R Yes 328 36 15 147 161 123 099 089 080 073
G Yes 242 24 10 08 147 - . - - .
H

|

R
R Yes 218 18 75 076 086 - - - - -
R Yes 184 12 5 062 076 - - - - -

Table A-14: Denting forces and dent depths for Specimens.

Pipe # 5 Dent Rebownd:

d, (in

0.0 - . .
0 psi 271 psi 542 pmt 677 psi 813 psi 948 ps1 0 psi

Tacremewts! Static Pressure, (psi)

Figure A-16: Dent depth rebound versus internal pressure for Specimen5.
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Fatigue Cyclesto
DentID Type Restraint 4/D (%) Failure  Failure Comment
5-A° BH-T No 5 No 98,079  minor periphery cracking
5-B BH-T  No 10 Yes 98,079  peripheral leak
5C BH-T No 15 No 98,079  peripheral crack after proof test
5-D  BH-L No 10 Yes 62,970 peripheral leak
5 BHL No 15 Yes 73,977 peripheral leak
5-F R Yes 15 Yes 67,620 peripheral leak (rock fractured)
5-G R Yes 10 No 98,079  no cracking
5H R Yes 75 ND 98,079 no cracking
5-1 R Yes 5 No 98,079 no cracking

Effectivep hoop Stress, (ksi)

Table A-15: Summary of dent fatigue failures for Specimen 5.

Pipe #S Failures
S Y
TN
HIRN
" P
i I
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i — [
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Number of Cycies to Fallmre

Figure A-17: S-N fatiguetest data for Specimen5.
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Specimen NO. 6

Diameter: 18" (nominal)
Wall Thickness: 1/4" .
Length: 20"-0"
Material: X42
= Dent Type A
- 15" 30" 30" 30" 3" 30" 30" 30" 15"

ll- | | | ! i i Il
| ) | I | i i L
:--------:
LA B C D E F G H !

— 240" =20'-0"

Figure A-18: Dent locations for SpecimenNo. 6.

Dent Initial Dent Depth
Dent Type Restraint Defect @D (%) 4 ()
A A Yes Scratch 5 0.9
B A Yes Scratch 10 18
C A Yes Scratch 7.5 1.35
D A Yes Scratch 15 2.7
- E A No Scratch 5 0.9
F A No Scratch 10 1.8
G A No Scratch 75 1.35
H A No Scratch 15 2.7

Table A-16: Summary of dent parameters for Specimen 6.
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Initial Dent Rebound Dent Depth, 4 (in.)
Indenter Depth at pressure (psi.)

Force d dib
(kips) (i) (%) 0 120 240 48 600 O 720 &0 O

Resiraint

Dent Type

A A Yes 242 09 5 08 - - . - - - - -

B A Yes 33 18 10 124 - - - - . . - -
C A Yes 30 1.%3 75 0B - - - - - . - -
D A Yes 43 2.7 5 187 - - - - . - - .
E A N 2ZB6 09 5 0338 05 046 0.27 0.2 0.27 0.16 0.14 0.17
F A No 24 18 10 18 1.11 0.9 0.71 041 0.5 0.6 0.17 0.24
G A No 30 1.3 75 097 0.90 0.77 048 0.3 042 0.4 0.16 0.24
H A No 42 2.7 15 257 210 157 1.10 0.88 1.(B 0.66 0.28 0.43
Table A-17: Dentingforces and dent depths for Specimen 6.
Pipe # G Restraint Forces
g =0 DentB
OOpsi 240 pei 430 psi 600 psi T20 psi 840 psi
Pressure, (mi)

Figure A-19: Measured restraint force foroes for Specimen 6.

-266-



Pipe # 6 Dent Rebound

30

—o=Dert £
—Q—MF‘ .
—a—-Dont G|
. ]
Dert H
~l_ I

O psi 120 psi 240 psi 480 pei 600 pei 0 psi 720 pet 840 psi 0 psi
inecr | Statc Pr , (pel)

Figure A-20: Dent depth rebound versus interral pressure for Specimen 6.

Fatigue Cyclesto

DentID Type Restraint &/D (%) Failure  Failure Comment

6-A A Yes 5 No 90,922 nocracking

6-B A Yes 10 Yes 78,222  peripheralleak

6-C A Yes 7.5 Yes 90,922 peripheralleak

6-D A Yes 15 Yes 40,253 peripheralleak

6-E A No 5 Yes 21,541 groove leak, center of dent
6-F A No 10 Yes 8,349  groove leak, center of dent
6-G A No 75 Yes 11,791 groove leak, center of dent
6-H A No 15 Yes 3,785  groove leak, center of dent

Table A-18: Summary of dent fatigue failures for Specimen6.
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Effectivep hoop Stress, g i)

——API-X

— AP X
Deat 6-8
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|
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1,000,000

Figure A-21- S-N plot of fatigue failures for Specimen6.
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Specimen No. 7

Diameter: 18" (nominal)
Wall Thickness: 1/4"

Length: 20"- 0"
Material: X60

Dent Type BH-L

5 .
240" =20'-0"
Figure A-22: Dent locations for SpecimenNo. 7.
Dent Initial Dent Depth
Dent Type Restraint Defect 4D (%) d @)
A BH-L No None 1.35 7.5
B BH-L No None 1.8 10
C BH-L No None 2.25 125
D BH-L Yes None 2.7 15
E BH-L No None 3.15 17.5
F BH-L Yes None 3.15 17.5
G BH-L Yes None 1.8 10
H BH-L Yes None 2.25 12.5
I BH-L No None 2.7 15
J BH-L Yes None 1.35 7.5

Table A-19: Summary of dent parameters for Specimen 7.

-269-



Initial Dent Rebound Dent Depth, d (in.)
Indenter Depth at pressure (psi.)

£
£ Force d d/D

Dent Type & (kips) (in) (%) 0 200 400 600 800 O

A BH-L No 211 135 75 070 066 062 057 052 059

< — T OmMmmOO W

BH-L No 237 18 10 08 084 079 074 068 073
BH-L No 297 225 125 113 106 097 088 0.77 0.89
BH-L Yes 329 2.7 15 - - - - - -

BH-L No 40 315 175 167 157 140 123 105 118
BH-L Yes 37 315 175 - - - - - -

BH-L Yes 25 18 10’ - - . - -

BH-L Yes 281 225 125 - - - - - -

BH-L No 34.9 27 15 143 135 120 104 091 103
BH-L Yes 214 135 75

Table A-20: Denting forces and dent depths for Specimen 7.

Pipe # 7 Restraiut Forces

200

Resiraint Force, (kips)
Iy
o

PP N

a3
o

50 ¢+
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30

pip # 7 Dent Rebound

o 25 ~

d, (in
"

—o—DenxAj
—g—DentB
—¢—DentC
—e=DentE
—u—Demt{

\///

05

00 ;

0 psi

200 psi

400 psi

600 psi

Incremesntal Static Pressure, (psi)

800 psi 0 psi

Figurel A-24:- Dent depth rebound versus internal pressure Specimen 7.

Fatigue Cyclesto
DentID Type Restraint d/D (%) Failure  Failure Comment
- 7-A  BH-L No 75 No 103,100 nocracking
7-B BH-L No 10 No . 103,100 nocracking
- 7-C  BH-L No 125 No 103,100 peripheral cracking, proof test
7D BH-L Yes 15 No 103,100 peripheral cracking, proof test
_ 7-E BH-L No 175 No 103,100 peripheral cracking, proof test
7-F BH-L  Yes 175 No 103,100 peripheral leak, proof test.
7-G BH-L  Yes 10 No 103,100 no cracking
7-H BH-L  Yes 125 No 103,100 nocracking
7-1 BH-L No 15 No 103,100 peripheral cracking, proof test
- 7. _ BH-L__ Yes 75 No 103,100 _no cracking

Table A-21: Summary of dent fatigue failures for Specimen7.
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Specimen NO. 8

Diameter:

Wall Thickness:

Length:
Material :

Dent Type BH-T & R

18" (nominal)

1/4"
20" - 0"
X60

Tt
) 240" =20'. 0"
Figure A-25: Dent locations for Specimen No. 8.
Dent Initial Dent Depth
Dent Type Restraint Defect 4D (%) 4(in)
A BH-T .Yes None 15.0 2.7
B BH-T No None 15.0 2.7
C BH-T Yes None 175 3.2
D BH-T No None 175 3.2
E R Yes None
F R Yes None
G R Yes None
H R Yes None

Table A-22: Summary of dent parameters for Specimen 8.
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Initial Dent Rebound Dent Depth, d (in.)

£ Indenter___Depth at pressure (psi.)
% Fgrce d d/D
Dent Type = (P9 @) ) 00 400 600 00 0

A BH-T Yes 334 27 15 - - - . - -
B BH-T No 34.9 2.7 15 133 1.07 095 0.85 077 0.85
C BH-T Yes 401 315 175 - - - - - -
D BH-T No 403 315 175 160 120 0.99 0.89 0.80 0.88
E R Yes - - - - . - - - -
F R Yes - - - - . - - - -
G R Yes - - - - - - - - -
H R Yes - - - - - - - - -

Restraint Force, (kips)

Table A-23: Denting forces and dent depths for Specimen 8.

Pipe # 8 Restraint Forces

Opsi 200 psi 400 psi 600 pai 800 psi

Pasaamas famil

Figure A-26: Meeaurad dent restraint forces for Specimen 8.
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Pipe # 8 Rebound

20 1\-

—o~—Dent B}
—O~Dent D1

d, {in
v

0s

00
0psi 200 psi 400 psi 600 pai 800 psi 0 psi
Imer d Static P e, (pni)

Figure A-27: Dent depth rebound versus interral pressure for Specimen 8.

Fatigue Cyclesto

DentID Type Restraint d/D (%) Failure  Failure Comment
8-A BH-T Yes 15 No 101,587 shallow peripheral crack
8-B BH-T No 15 No 101,587 shallow peripheral crack

8-C BH-T  Yes 175 No 101,587 shallow peripheral crack
8D BH-T No 17.7 No 101,587 shallow peripheral crack

8-E R Yes N.A. Yes 68,264 internal surface leak under rock
& peripheral crack

8-F R Yes N.A. No 101,587 deep peripheral leak & internal
surface crack, post proof

8-G R Yes N.A. Yes 61,295 internal surfacecrack under
rock

8-H R Yes N.A. No 101,587 peripheral cracking

Table A-24: Summary of dent fatigue failures for Specimen 8.
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Effectivep hoop Stress, (ksi)

Pipe #8 Failures
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Figure A-28: S-N fatigue test data for Specimen 8.

-275-




Specimen NO. 9

Diameter: 24" (nominal)
Wall Thickness: /4"
Length: 13'-4"
Material: X60
Dent Type A
L N N . [ |

| 160" = 13'- 4" |

Figure A-29: Dent locations for SpecimenNo. 9.

Dent Initial Dent Depth

Dent Type Restraint Defect D (%) d G
A A No Scratch 10.0 24
B A No Scratch 5.0 12
C A No Scratch 7.5 1.8
D A Yes Scratch 10.0 2.4

Table A-25: Summary of dent parameters for Specimen 9.
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Initial Dent Rebound Dent Depth, d (in.)
indenter Depth at pressure (psi.)

£ Force 4  dD
Dent Type & (kips) (@ (%) 0 100 200 300 400 500 600 626 0O
A A N b 24 10 114 1.04 091 0.78 0.63 0.43 031 0.27 0.4
B A No 28 1.2 5 0.67 0.58 0.46 0.38 0.3L 0.5 0.2 0.2 0.29
C A N 2 18 75 082 071 06 0.49 0.3 0.8 0.23 022 0.33
D A Yes 36 2.4 10 114 - - . - - - - -

Restraiat Force, (kips)

Table A-26: Denting forces and dent depths for Specimen 9.

Pipe # O Restraint Form

Opsi 100 psi 200 psi 300 pai 400 psi $00 psi 600 psi 625p8i
Pressure, (i)

Figure A-30: Measured dent restraint forces for Specimen 9.
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Pip# 9 Rebound

25 ¢

20 4

«o—Dent A

—g--DentB |

—a—DentC!

d, (in

00
Opsi 100 psi 200 psi 300psi 400 psi $00 psi 600 psi 626 psi Opri
incremeatal Static Pressare, (i)

Figure A-31: Dent depth rebound versus internal pressure for Specimen 9.

Fatigue Cyclesto

DentlD Type Restraint 4d/D (%) Failure  Failure Comment
9-A A No 10 Yes 12,711 groove crack, center of dent
9-B A No 5 Yes 30,108 groove crack, center of dent
9-c A No 7.5 Yes 18,608 groove cradk, center of dent
9-D A Yes 10 No 100,258 peripheral cracking, proof test

Table A-27: Summary of dent fatigue failures for Specimen 9.
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E"eclivehionp Stress, (ksi)

Pipe #9 Failures

: - -
] | [ - . 1 t :
[l i Y T T T
ik . T ”
S
REEE =]
’ i 5“4\
i \\\A\
‘\\1 “""'N.
l T _AP-X
.t —APX |
™ Denw-Ai
Y Du.u9-5
a DentsC
|- i
? i
| !
{ !
i |
|
i
i
|
| |
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Number of Cycles to Pailure

Figure A-32: S-N plot of fatigue failures for Specimen 9.
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Specimen No. 10

Diameter: 24" (nominal)
Wall Thickness: /4"

Length: 13'- 4"
Material: X60

Dent Type BH-L & BH-T

|

B C D E |
B /

|

| 160" = 13'- 4"

Figure A-33: Dent locations for SpecimenNo. 10. -

Dent Initial Dent Depth

Dent  Type Restraint Defect 4D %) d(in)
BH-T No none 10.0 2.4
B BH-L No none 10.0 24
C BH-T No none 7.5 18
D BH-T No none 5.0 12
E BH-L No none 5.0 1.2

Table A-28: Summary of dent parameters for Specimen 10.
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Initial Dent  Rebound Dent Depth, d
- Indenter  Depth (in.)
€  Force at pressure (psi.)
Dent Type % (kips) 4 4D
~ . 0O 100 200 300 400 500 6060 626 O 626 O
(in) (%)
A BH-T No 42 24 10 167 158 143 127 114 104 095 094 108 092 106
B BH-L No 42 2.4 10 169 147 127 112 103 094 087 085 100 085 098
C BH-T No 4 18 75 108 09 086 080 074 070 065 065 0.74 063 073
D BH-T No 28 1.2 082 074 069 063 061 057 054 0.53 061 053 060
E BH-L No 28 1.2 083 080 073 0.70 067 062 057 057 066 056 0.66
Table A-29: Denting forces and dent depths for Specimen 10.
25 |
20 |.
[—o—Dental
—o..DﬂlB!
2 —o—DenatCi
< —tg=Dent D |
_._DauE;

0.0

Opai 100 pai

200 pai

300 psi 400 psi
Incremencsl Static Pressure, (i)

500 psi 600 psi

Opsi

626 psi

0 psi

Figure A-34: Dent depth rebound versus internal pressure for Specimen 10.
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Fatigue Cyclesto
DentID Type Restraint d/D (%) Failure  Failure Comment
10-A BH-T  No 10 No 109,332 peripheral cracking, proof test
10-B BH-L  No 10 Yes 109,332 peripheral leak
10-C  BH-T  No 75 No 109,332 peripheral cracking, proof test
10-D BH-T  No 5 No 109,332 nocracking
10-E  BH-L No 5 No 109,332 no cracking

EfTectivep hoop Stress, (ksi)
3

1

Table A-30: Summary of dent fatigue failures for Specimen 10.

Pipe #10 Failures
= =
‘
—
.Q\N~
a
~§\\
\‘\ =
e S
\\.‘\
' e
e APL - X
— AP X
, + @ Dentio-B
.000 10,000 100,000 1,000,000
Nussine of Cycies o Failure

Figure A-35- S-N fatigue test data for Specimen 10.
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Specimen No. 11

Diameter: 24" (nominal)
Wall Thickness: 1/4"

Length: 13'- 4"
Material: X60

Dent Type R

> ® ®
:ABCD

l 160" = 13'- 4" |

Figure A-36: Dent locations for SpecimenNo. Il.

Dent Initial Dent Depth
Dent Type Restraint Defect 4D (%) d(in)
A R Yes None 5.0 1.2
B R Yes None 7.5 18
C R Yes None »5 3.0
D R Yes None 100 24

Table A-31: Summary of dent parameters for Specimen 11.
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Restraint Force, (kips

Initial Dent

Indenter Depth Rebound,
Force d ap d(in)

Dent Type - (kips) (i) (%)
A R Yes 24 1.2 5 0.65
B R Yes 26 18 75 0.99
C R Yes 41 3 125 1.35
D R Yes 32 24 10 1.06

Restmint

Table A-32: Denting foroes and dent depths for Specimen 11

Pipe # 11 Restraint Forces

L

B

O

Opsi 200 pei 357 psi MTpsi $36 psi 626 psi
’ Pressure, (i)

Figure A-37: Meeaurad dent restraint forces for Specimen 11.
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Fatigue Cyclesto

DentlD Type Restraint d/D (%) Failure  Failure Comment
11-A R Yes 5 NO 110,600 nocracking
11-B Yes 7.5 No 110,600 nocracking

R
11-c R Yes 125 No 110,600 peripheral cracking
11-D R Yes 10 NO 110,600 nocracking

Table A-33: Summary of dent fatigue failures for Specimen 11.
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Specimen No. 12

Diameter: 30" (nominal)
Wall Thickness: 3/8"
Length: 10'- 0"
Material: ar.B
Dent Type A
40" 20
n T
e, @
120" = 10'-0"
Figure A-38: Dent locations for Specimen No. 12
Dent Initial Dent Depth
Dent Type Restraint Defect 4D (%) d (in)
A A No Scratch 5.0 15
B A No Scratch 75 23
C A No Scratch 10.0 3.0

Table A-34-Summary of dent parameters for Spechen 12.
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Initial Dent Rebound Dent Depth, d (in.)
Indenter Depth at pressure (psi.)

g
g Force 4 diD

Dent Type & (kips) (@ (% 0 100 200 300 400 500 600 626 O
No

36 15 5 1.00 0.91 0.88 0.79 0.69 0.57 0.46 0.43 0.53
B A No 44 225 75 141 126 1.20 1.07 0.94 0.80 0.64 0.60 0.72
- C A No 52 3 10 186 166 159 140 120 1.01 0.83 0.77 0.92

Table A-35: Denting forces and dent depths for Specimen 12.

Pipe # 12 Rebound

25 ¢

| —o—Dent A |
f—q—.DCﬂlBi
| —o—Dent C!

d, (in
G

1.0 ¢

0s § 3

00 —— - -
opsi 100 pei W psi 300 pai ©0psi 00 psi 600 psi @6 psi Opsi
- Incremental Static Pressure, (ui)

Figure A-39: Dent depth rebound versus internal pressure for Specimen 12.
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Fatigue Cyclesto

DentlD _Type Restraint a/D (%) Failure  Failure Comment
12-A R No 5 Yes 44,484  groove leak, center of dent
12-B R No 7.5 Yes 60,891 groove leak, center of dent
12-c R No 10 No 100,891 small center crack, proof test

Table A-36: Summary of dent fatigue failures for Specimen 12.

100
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@ |—APL- X
& 10 hdl S @ Demi2-A
§ a Dem12-8
o
(.4
2
=
<
=
5]
1
1,000 10,000 100,000 1,000,000

Number of Cycler to Failure

Figure A-40: S-N plot of fatigue failures for Specimen 12,
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Specimen No. 13

Diameter:

Wall Thickness:
Length:
Material:

Dent Type BH-L

Figure A-41: Dent locations for Spechen No. 13.

30" (romirel)

3/8"
10'-0"
Gr.B

40" , 20" |

—
e o o>
A B CE

120" = 10'-0"

-

Dent _ Inrtial Dent Depth

Dent Type Restraint Defect D % d(in)
BH-L No None 5.0 1.5
B BH-L No None 10.0 3.0
C BH-L No None 75 2.3

Table A-37 Summary of dent parameters for Specimen 13.
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Initial Dent Rebound Dent Depth, d (in.)
Indenter Depth at pressure (psi.)
Force d d/iD

(kips) (@ (%) 0 100 200 300 400 500 600 626 O
A BH-L No 40 15 5 131 1.27 120 1.12 1.04 0.98 0.90 0.87 0.97
B BHL No 52 3 10 256 229 2.00 1.75 1.60 1.46 131 127 1.42
C BH-L No 50 225 75 207 197 1.81 1.64 151 135 1.22 1.18 1.31

Restraint

Dent Type

Table A-33: Denting forces and dent depths for Specimen 13.

Pipe # 13 Rebound

)
~
& —o-=Dest A
a L ~g-Dest B
a J [ —a—De C
-]
0.5 {
0.0 + + + - -t ' -+
Opsi 100 psi 200 psi 300 psi 400 psi 500 psi 600 psi 626 psi 0'psi
Incremental Static Pressure, (psi)
Figure A42: Dent depth rebound versus internal pressure for Specimen 13.
] Fatigue Cycles to
DentID Type Restraint d/D (%) Failure Failure Comment
13-A BH-L No 5 Yes 100,050 nocracking
13B BH-L No 10.0 Yes 100,050 nocracking
13C BH-L No 75 No 100,050 slight peripheral cracking, &
design pressure prior to proof
test

Table A-39: Summary of dent fatigue failuresfor Specimen 13.
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Specimen No. 14

Diameter: 36" (nominal)
Wall Thickness: 3/8"
Length: 10'- 0"
Material: Gar.B
Dent Type A
20" 40" 40" 20"

@, ®* >, &

120" =10'-0" |

Figure A-43: Dent locations for SpecimenNo. 14

Dent Intaal Dent Depth
Dent  Type Restraint Defect 4D %) d (i)
A A NO Scratch 50 1.8
B A No Scratch 150 5.4
C A NO Scratch 10.0 3.6

Tabk A-40: Summary of dent parameters for Specimen 14.
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Initial Dent

Rebound Dent Depth, d (in.)

g Indenter___ Depth at pressure (psi.)

£  Force d d/iD
Dent Type & (kips) (m) (%) ¢ 149 298 447 521 O
A A No 35 18 5 081 073 061 048 042 0.50
B A No 56 54 15 240 18 14 110 098 1.16
C A No 55 3.6 10 191 170 135 104 0.88 1.08

Table A-41: Denting forces and dent depths for Specimen 14.

Dent Depth 1 (in)

00

wo—Dent A
~0—Dem 8
=ty Dent C

Opsi 149 psi

298 psi

447 psi

Incremental Static Pressure, (psi)

Figure A-44: Dent depth rebound versus internal pressure for Specimen 14.
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Specimen No. 15

Diameter: 36" (nominal)
Wall Thickness: 3/8"

Length: 10'- 0"
Material: ar.B

Dent Type BH-L

200 40m 40 20"
,' 3 C

A B C !

| 120" = 10'-0" |
| 7

Figure A-46: Dent locations for SpecimenNo. 15.

Dent Initial Dent Depth

Dent Type Restraint Defect 4D (%) d @)
A BHL . No None 5.0 1.8
B BHL No None 100 3.6
C BH-L No None . 15.0 5.4

Table A-37 Summary of dent parameters for Specimen 15.
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Dent

Indenter

Initial Dent Rebound Dent Depth, d (in.)
Depth at pressure (psi.)
d/D

2
& Force 4
Type & (kips) ()

(%) 0 149 298 447 521 0

A
B
C

BH-L No 34 18
BH-L No 45 36
BH-L No 60 5.4

5 101 094 08 078 073 0.81
10 168 150 133 117/ 108 1.18
51 276 239 193 159 141 165

3.0

Table A-38: Dty forces and dent depths for Specimen 15.

Dt Depth d (im)

0s 1

0.0

1.0 4
P

e Dant A
~O=Demt B
—ar~Dent C

0 psi

149 psi 298 psi 447 psi 521 psi 0 pri
Incremental Static Pressure, (psi)

Figure A-47: Dent depth rebound versus Intermal pressure for Specimen 15.
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Fatigue Cyclesto

DentID Type Restraint d/D (%) Failure Failure Comment

15-A BH-L No 5 No 111,425 groove crack, 2390 large cycles
after proof test

15-B BH-L  No 10 No 111,425 peripheral leak, proof test

15-C  BH-L No 15 Yes 111,425 no cracking

Table A-39: Summary of dent fatigue failures for Specimen 15.

100 %
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Number of Cycies to Fallare

Figure A-48: S-N plot of fatigue failures.for Specimen 15.
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